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A CELLULOSE-BASED FIBRE 

This invention concerns a new, significantly cellulose-based 
fibre with high absorption and porous structure and/or a 
textile structure with the said properties and a method for the 
production of the above-mentioned items . It was surprisingly- 
perceived that a viscose fibre which contains silicic acid, in 
itself a commercial product, can be modified by alkaline 
extraction to produce a porous cellulosic fibre with completely 
new characteristics compared with already known cellulosic 
fibres . 

Demands of high-performance fibres in textile technology have 
recently increased. Frequently an attempt to meet them has been 
sought through the production of hybrid fibres . A hybrid fibre 
is one which is formed from a blend of two or more substances 
and which has properties which are not owned by the component 
parts of the hybrid fibre on their own. 

One such hybrid fibre is a viscose fibre which contains silicic 
acid. Such fibres have been studied from the early 1960s, which 
is when the production technology was broadly-speaking 
developed. The fibre is spun using a known process, disclosed 
in more detail in US Patent 3565749. 

It has been rapidly learnt how to manufacture a ceramic fibre 
from this viscose - silicic acid fibre through removal of the 
cellulose component by pyrolysis. In this process the silicic 
acid combusts to form silica dioxide and the fibre or fibre 
structure acquires characteristics resembling those of glass. 
This technology is also disclosed in US Patent 3565749. 

Cellulose has the characteristic of water imbibition and reten- 
tion. For this reason it is used for a number of technical pur- 
poses . Attempts have been made to increase the imbibition and 
retention characteristics of viscose fibre in particular by 
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either a chemical or a mechanical treatment . The porosity of 
the fibre has been affected very little other than by the 
: . addition of chemical substances to the fibre material. 

The invention currently described concerns a cellulosic fibre 
made by first manufacturing a hybrid fibre of cellulose and 
silicic acid arid then removing the silica dioxide from the 
fibre structure. In the first stage the two components of the 
hybrid fibre are homogeneously distributed in the same phase. 
The silicic acid content is preferably 10 - 45 percent by 
weight. From the hybrid fibre the silicic acid is dissolved out 
preferably with sodium hydroxide, but it is known that silicic 
acid also dissolves in hydroxides of other alkali metals. 

According to this invention the fibre is preferably 
manufactured by changing the silicic acid to water-glass, which 
in turn can be returned to the starting point of the process in 
order to produce viscose which contains silicic acid. A special 
feature of this procedure is that it allows the production of 
extremely thin and highly absorbent fibres. As the content of 
silicic acid in the precursor fibre may be as high as 45 
percent, the thickness of the resultant fibre decreases by at 
least a like proportion. Thus if a conventional cotton-type 
fibre is manufactured with a thickness of on average 10 nm, the 
average thickness decreases to a maximum of 6 jim. Without using 
this part of the production process, the manufacture of 
cellulosic fibres in such fineness is extremely difficult arid 
expensive. 

Examination of other methods for the production of absorbent 
viscose fibres reveals the best-known commercially available 
fibre to be Courtaulds' Fibre ML, in which modification of the 
surface has achieved a fibre with almost as good absorption 
characteristics as the fibre in this invention. However, the 
Courtaulds' fibre can be manufactured and is commercially 
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available only in a form substantially thicker than cotton-type 
fibre and can therefore not be sold for markets requiring the 
fine-titre fibre . In the case of Fibre ML the thickness also 
limits its tenacity or strength , which is substantially below 
that of a conventional viscose fibre . The tenacity of the 
individual fibre is so low as to inhibit fine fibre processing 
on textile systems for which these fibres are intended. The 
tenacity of the fibre described in this invention, on the other 
hand, is in principle equal to that of a corresponding 
conventional viscose fibre, and the minimum limit of processing 
fineness is substantially lower. This aspect of fineness is of 
extreme significance in the development of commercial 
applications . 

Highly absorbent cellulosic fibres can no doubt be manufactured 
by other methods, but their absorption characteristics show 
differences in quality owing to the size of pores in fibres 
otherwise manufactured and to other aspects of the fibres' 
behaviour . 

Patent GB 1 390 061 and applications GB 2 224 756 A and 
GB 2 024 827 A relate to different products from the subject of 
this invention. The first-mentioned GB 1 390 061 is concerned 
not with fibre but with the manufacture of viscose sponges, 
albeit by a new method. Viscose sponges cannot be used as 
fibres in textile processing: they are cut into blocks for use 
in various absorption applications such as washing. Application 
GB 2 224 756 A concerns fibres which have been impregnated with 
a ceramic material into their existing pores in order to give 
the fibre new surface characteristics. This filling of the 
pores neither increases the number of pores in the fibre nor 
permits of a change in the technical characteristics of the 
fibre through subsequent removal of the ceramic component, and 
the patent application therefore bears no resemblance to the 
product which is the subject of the present invention. 
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In the method disclosed in patent application GB 2 024 827 A 
silica (Si0 2 ) particles are mixed with polyvinyl alcohol and 
subsequently extracted from the finished product- The 
extraction of silica particles takes place at a slow rate. 

After the removal of the silicic acid it was discovered that 
the remaining porous cellulosic fibre was stronger and thinner 
and had greater absorption than the original hybrid fibre- Even 
more significant is the fact that chemically it is pure 
cellulose- For this reason the fibre is more suitable than 
normal viscose for applications such as filters and hygienic 
: waddings. 

The silicic acid can be removed from the fibre either at the 
fibre manufacturing stage or at . any subsequent textile 
processing stage. The removal in fibre treatment after the 
fibre coagulation and before the fibre enters a textile process 
has the advantage that silicic acid is not present in the 
subsequent process. If on the other hand the silicic acid jls 
removed at a later stage of the textile processing, the removal 
can be naturally associated with other later processing such as 
the Eisenhut method decribed below or normal textile 
mercerising as spun yarn or cloth. Irrespective of the stage at 
which silicic acid removal takes place, the by-product obtained 
is water-glass (sodium silicate) which can be refined in the 
manner usual for that substance. 

Removal of the silicic acid is particularly advantageous in the 
manufacture of nonwovens . Nonwovens production avoids the usual 
textile processes by using other binding methods such as 
mechanical carding. There are various binding methods. One such 
is to establish hydrogen bonds between the fibres by a chemical 
treatment. One method to achieve this is known as causticising 
(Eisenhut) where the. fibre mat is first treated with caustic 
soda and the alkaline fibre mat is then neutralised, for 
example with sulphuric acid. The salts thus formed are then 
washed out. The product is a very pure viscose nonwoven which 
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is suitable for clinical and other applications requiring a 
high level of absorption. Using the method here disclosed 
provides the advantage that the silicic acid removal and the 
causticising bonding take place using the same equipment and 
almost contemporaneously. 

According to the present invention the fibres were 
substantially freed from the silicic acid by using caustic soda 
preferably in about a 1 -normal solution , the quantity of 
solution being at least equal to the quantity of fibre but most 
preferably about twice the quantity of fibre. 

The following examples describe the invention but are not 
regarded as limiting the invention. 

Example 1 

20 g of dry silica dioxide base (99.4% Si0 2 ) was dissolved in 80 
g of 16.8% caustic soda solution. 20 g of the Si0 2 -containing 
NaOH solution was mixed with 80 g of viscose. The viscose 
contained 5.5% NaOH and 10.2% alphacellulose, and its viscosity 
was 6.0 Pas. The result was an Si0 2 -viscose solution containing 
3.97% Si0 2 , 8.16% alphacellulose and 7.9% NaOH. The viscosity of 
the solution was 5.5 Pas. Air and gas bubbles were removed from 
the solution by pressure, after which the solution was pumped 
through spinnerette perforations (70>im) into a spinning bath 
containing 10% H 2 S0 4 , 20% Na 2 S0 4 and 0.5% ZnSO*. 

The fibre tow can be stretched and spun into a viscose fibre 
which contains silicic acid. The porous fibre according to this 
invention is obtained by immersing the intermediate fibre in a 
solution of caustic soda which causes the silica dioxide 
present to dissolve to water-glass, itself a usable product. 

After compr ssion, washing and a solidification stage taking 
place in a bath containing sulphuric acid, a surprisingly 
strong fibre is obtained with a highly porous structure. 
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Example 2 

On experimentation with the ability of the new fibre described 
in the invention to be bonded using the Eisenhut nonwoven 
bonding system, the new fibre was compared with ordinary 
nonwoven fibre. The trials were carried out on a laboratory 
scale applying known conditions used for the bonding of viscose 
fibre webs. 

The trial conditions were as follows: 

- fibres 1.7 dtex/40 mm 
2.5 dtex/50 mm 
card slivers : fibres carded on Memmingen laboratory 
card , overlaying 30 cm wide slivers until the sliver 
weight was about 70 g/m 2 . From this sliver a sample 
about 30 cm in length was taken for bonding trials 

- bonding: the slivers were placed between metal mesh 
supports and immersed in an NaOH solution where the 
concentrations, temperatures arid immersion times 
varied as follows: 

-NaOH concentration 5%, 9% and 10% NaOH 

- temperature 22° and 30 °C 

- immersion times 20 s and 30 s 

The combinations used in the different trials are shown in 
table 1. After causticisation the slivers were neutralised by 
immersion in a weak solution of sulphuric acid, concentration 
1% H 2 S0«. The slivers were finally rinsed with acid-neutral 
water. 

The results of the tenacity tests carried out on the slivers 
from the initial trials are presented in table 1. 
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Table 1 

Results of caustic bonding trials carried out on fibres 
according to the invention and on commercial viscose fibres 
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The results show that the product according to the invention is 
very suitable for further processing. 

Example 3 

A series of extraction trials was carried out, each using 100 
g of viscose fibre which contained silicic acid. Table 2 shows 
the trials. Fibre produced according to the invention is most 
favourably generated at about 60°C using 1 -normal caustic soda 
solution. 
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Example 3a 
Table 2 
Trials: 

100 g 1.7 dtex/40 mm viscose fibre containing silicic acid at 
30% Si0 2 

Na 2 0 Concentration Temperature °C . 

50 g 
100 g 

30 g 
100 g 

Example 3b As above but fibre 3.5 dtex/80 mm, Si0 2 33% 

Example 3c As above but fibre 8.0 dtex/80 mm, Si0 2 49% 
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TESTING FOR POROSITY OF NaOH-EXTRACTED FIBRE 

The porosity of the caustic soda extracted fibre (fibre 2), of 
the original unextracted hybrid fibre ( fibre 1 ) and of a normal 
viscose fibre (fibre 3) was tested by measurement of their fast 
swelling. For the same purpose these fibres were dyed with an 
ordinary viscose test dye to show their dyestuff take-up. 

The results are presented in the following table. 

TEST FIBRE 1 

Swelling , % 49 
Dyeability L* 61 
Y 29 

The results show that the caustic-extracted fibre had a higher 
swelling value than the other fibres, in other words a greater 
ability to retain water in its structure, which indicates 
greater porosity in its structure. 

A greater difference in porosity was noticeable in the dyeing 
tests. Of the dyed fibres the caustic-extracted fibre gave the 
lowest L* value or brightness value. This is to say that it 
dyed to a deeper shade, indicating the availability of a 
greater surface area or porosity. 

The same is revealed by the other brightness measurement, Y. 

On the basis of the above evidence it can be concluded that 
extraction of the viscose-silicic acid fibre with a solution of 
caustic soda allows the production of a fibre with a cellulose 
base and an increased porosity and specific surface area. It 
has also been observed that the swelling value for the 
cellulosic fibre is in direct proportion to the content of 
silica dioxide in the hybrid fibre. With a 28% silica dioxide 
in the hybrid fibre, a swelling value of 110 is obtained after 
extraction with caustic soda, while increasing the silica 
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dioxide quantity to 50% gives sw lling values between 135 and 
140. 

The fibre and the textile structures which are the subject of 
this invention are thus possessed of fast and substantial 
imbibition, are easily biodegradable, and provide a product of 
sufficient strength for many applications. The surprising 
imbibition values probably result from the pores created in the 
structure by the removal of the silica dioxide, some of these 
pores being shown to be micropores on the basis of the 
dyeability trials. 

The expression "titre" used in the claims refers to the 
relationship between the weight and the length of a fibre. It 
is calculated as follows: 

1 dtex = 10,000 m/g 

Tex = 1 g = 1000 m fibre 

If the silica dioxide is removed from the 'fibre before further 
processing, the titre declines in a favourable manner. If the 
silica dioxide is removed only after spinning of yarn, the spun 
yarn becomes finer. 
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CLAIMS 

1. A product based on porous cellulose and possessed of high 
swelling and absorption, characterised in that it is achieved 
by removal by the use of an alkali of silicic acid from the 
known fibre of viscose which contains silicic acid. 

2. A product according to claim 1, characterised in that 
after fibre spinning the silicic acid is removed by alkali from 
the fibre only after processing of the fibre into a textile or 
nonwoven structure . 

3 . A product according to claim 1 or 2, characterised in that 
the nonwoven structure is bonded simultaneously with the 
alkaline extraction of the silicic acid. 

4. A product according to claim 1 or 2, characterised in that 
the titre of the precursor fibre decreases by at least the same 
percentage as the original silicic acid content of the 
precursor fibre. 

5. A product according to claim 1 or 2, characterised in that 
a part of its pores consists of micropores. 

6. A method according to claim 1 for the production of a 
porous cellulosic product, characterised at least by the 
following production steps: 

a) water-glass and viscose are blended into a multi-component 
solution 

b) the mult i -component solution is precipitated into the 
desired form as a solid precursor consisting of viscose 
which contains silicic acid 

c) the solid precursor of viscose which contains silicic acid 
is extracted with an alkali in order to produce a porous 
cellulosic product. 

7. A method according to claim 6, characterised in that at 
step a) water-glass and viscose are blended into a multi- 
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component solution with a silicic acid content of 1 to 50 
percent by weight and preferably 10 to 45 percent by weight. 

8 . A method according to claim 6 or 7, characterised in that 
at step b) the multi-component solution . is precipitated into 
the desired form by forcing it through one or more orifices 
such as but not restricted to spinnerettes into a regeneration 
bath in which it precipitates into the stated precursor 
product. 

9 . A method according to any of claims 6 to 8 individually or 
jointly, characterised in that the said solid precursor 
consisting of viscose which contains silicic acid is extracted 
in step c) with an alkali containing sodium hydroxide ( NaOH ) at 
a concentration of 1 to 15 percent and preferably of 5 to 10 
percent. 

10. A method according to any of claims 6 to 9 individually or 
jointly, characterised in that step d) is included in which the 
porous cellulosic product thus obtained is neutralised by 
immersion in an acid solution and preferably a dilute solution 
of sulphuric acid. 

11. A method according to any of claims 6 to 10 individually 
or jointly, characterised in that the precursor obtained 
through step b) is a fibre, or a textile structure or a non- 
woven manufactured from it, or an intermediate structure for 
either of the last-mentioned. 

12. A method according to claim 11, characterised in that the 
alkaline extraction of step c) is carried out on a nonwoven 
intermediate in which the bonding of the nonwoven fibres to 
each other takes place jointly with the alkaline extraction of 
step c) . 
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13. The use as an hygienic wadding of a porous cellulosic 
product according to claims 1 to 5 or manufactured according to 
claims 6 to 12. 

14. A product according to claim 1, characterised in that in 
dimensions and strength combined with each other it is capable 
of being processed on existing conventional textile of nonwoven 
machinery without substantial damage to its own physical 
structure. 
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